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Abstract

Objective—To determine the relative contributions of tinnitus, asymmetrical hearing loss, low
frequency hearing loss (pure tone average of .5, 1, 2, 3 kHz, PTA 5123), or high frequency hearing
loss (pure tone average of 4, 6 kHz, PTAyg), to acute injury risk among a cohort of production and
maintenance workers at six aluminum manufacturing plants, adjusting for ambient noise exposure
and other recognized predictors of injury risk.

Design and Study Sample—This retrospective analysis considered 9,920 workers employed
during 2003 to 2008. The cohort consisted of 8,818 workers (89%) whose complete records were
available.

Results—Adjusting for noise exposure and other recognized injury predictors, a 25% increased
acute injury risk was observed among workers with a history of tinnitus in conjunction with high-
frequency hearing loss (PTAyg). Low frequency hearing loss may be associated with minor, yet
less serious, injury risk. We did not find evidence that asymmetry contributes to injury risk.

Conclusion—These results provide evidence that tinnitus, combined with high-frequency
hearing loss, may pose an important safety threat to workers, especially those who work in high-
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noise exposed environments. These at risk workers may require careful examination of their
communication and hearing protection needs.
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Introduction

Hearing loss and tinnitus are global public health concerns (Yankaskas, 2013) with noise-
induced hearing loss (NIHL) recognized as one of the most common occupational diseases
in the United States (US) (Sataloff and Sataloff, 1996). An estimated 10 million US workers
have hearing threshold levels (HTLs) = 25 dB (Ward et al, 2000) and approximately 3.7
million working aged adults in the United Kingdom have some form of hearing loss (2011
Hearing Matters). Tinnitus, the perception of phantom sound not present in the environment,
affects an estimated 12-15% of the general population in the US and Europe (Allman et al,
2013) and more than a third of the population over age 65 (Mattox, 2006). While as many as
80% of those with NIHL also suffer from tinnitus, either tinnitus or hearing loss can exist in
the absence of the other (Mazurek et al, 2010).

Globally, approximately 100 million occupational injuries are reported each year although
the true number of injuries occurring on the job may be much higher because of under-
reporting (Leigh, 2011; Nelson et al, 2005). These injuries place an immense burden on
workers and employers. Almost 8.6 million nonfatal occupational injuries occurred in the
United States (US) in 2007 with costs reaching $186 billion (Leigh, 2011)

Many factors are recognized as contributing to occupational injury risk, including work
demands, age, lifestyle and job stress (Chau et al, 2009; Pollack et al, 2007; Taiwo et al,
2009; Souza et al, 2014). Mounting evidence links ambient noise exposure to injury risk
although the causal pathway for this association remains unclear (Amjad-Sardrudi et al,
2012; Moll van Charante and Mulder, 1990; Wilkins and Action, 1982; Picard et al, 2008;
Girard et al, 2014). Additionally, hearing loss, which may impair both the perception of
speech and the ability to hear warning signals, has been linked to increased injury risk in a
number of previous reports, several of which used different frequencies and thresholds to
determine hearing loss (Moll van Charante and Mulder, 1990; Wilkins and Action, 1982;
Girard et al, 2014; Choi et al, 2005; Zwerling et al, 1996; Yung, 2014).

Hearing loss of >20 dBHL measured at 4 kHz has been associated with increased injury risk
among male shipyard workers (Moll van Charante and Mulder, 1990) while hearing
thresholds >25 dBHL at 1, 2, 3, and 4 kHz have been associated with increased injury risk
among farmers (Choi et al, 2005). Additionally, bilateral hearing decrements at 3, 4, and 6
kHz have been associated with increased injury risk, with injury risk further elevated among
hearing impaired workers exposed to high levels of occupational noise (Picard et al, 2008;
Girard et al, 2009).

Tinnitus has been linked to sleep disturbance, depression, fatigue and decreased ability to
concentrate (Hallam et al, 2004; Rossiter et al, 2006; Folmer and Griest, 2000; Folmer et al,

Int J Audiol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cantley et al.

Methods

Page 3

1999; Langguth et al, 2007) each of which may also increase injury risk (Vetter and
Symonds, 2010; Arlinghaus et al, 2012). By producing irrelevant and/or confusing sounds
that might compete with important workplace auditory cues, tinnitus may pose a workplace
safety threat (Hallam et al, 2004).

Asymmetrical hearing loss has also been associated with injury risk (Choi et al, 2005), as it
may interfere with components of sound localization, such as direction, distance and
movement, and may impair speech perception in noisy environments (Nia and Bance, 2001).
The prevalence of asymmetrical hearing loss varies depending on the criteria used, and
differs for different populations (Margolis and Saly, 2008) so the true prevalence remains
unclear.

Understanding the relative contribution of each of these attributes of hearing is critical to the
development of meaningful interventions to reduce associated injury risks.

A previous report on a cohort from the company studied here revealed a positive exposure
response association between ambient noise exposure and risk for both minor and serious
injury, and a monotonic increase in minor injury risk with increasing hearing threshold at .5,
1, 2, and 3 kHz (Cantley et al, 2014). These findings raised additional questions regarding
associations between hearing loss across higher frequencies, hearing asymmetry, tinnitus,
and acute injury risk.

Building on our earlier work, the objective of this study is to examine the contribution of
tinnitus, hearing asymmetry, and hearing across a range of frequencies to acute injury risk,
adjusting for ambient noise exposure, reported use of hearing protection, and other job and
individual level confounders previously associated with injury risk in this population of
aluminum workers (Pollack et al, 2007; Taiwo et al, 2009; Kubo et al, 2013).

This study used data available through a longstanding partnership between the company and
Yale University and Stanford University established to improve worker health and safety
outcomes. Study protocols have been reviewed and approved by the human subjects
committees at Yale University School of Medicine and Stanford University.

The study cohort was derived from the population of production and maintenance workers
who were active any time between January 1, 2003 and December 31, 2008, at the six study
plants. We determined job histories and calculated active person-time per year in each job
held during the six year study period (2003-2008) using the human resources database,
described in earlier reports (Pollack et al, 2007; Taiwo et al, 2009). The company’s real-time
incident surveillance database, which contains detailed information for all work-related
injuries and illnesses including those that result in first aid treatment only, was used to create
yearly injury histories for each worker in each job held. Acute injuries were identified
through the “nature of injury” variable, which describes each incident. Acute injury types
included for analysis comprised lacerations, contusions, instantaneous strains/sprains, burns,
dislocations, amputations, and other acute injuries. All acute injuries, sustained by the study
cohort in jobs held between January 1, 2003, and December 31, 2008, were included for
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analysis. A separate analysis was conducted for the subset of more serious injuries that
required medical treatment, work restrictions or lost work time, which were distinguished
from the minor injuries using the “case type” variable.

The company’s industrial hygiene policies require regular noise sampling for all jobs where
exposures are equal to or exceed an 8-hour time-weighted average of 82 dBA, therefore,
multiple personal noise samples are available in the industrial hygiene database for distinct
jobs. We calculated the arithmetic mean of all full shift personal noise samples (collected for
at least 70% of shift length) for each job and assigned the average noise exposure by job for
each job held to the individual workers exposed by means of a previously described linkage
process (Pollack et al, 2007). Mean noise exposure was explored as a continuous as well as a
categorical variable with the following noise exposure categories designated for analysis:
less than 82 dBA (i.e., effectively non-noise exposed and used as the reference category); 82
to < 85 dBA (i.e., low noise exposure), 85 to < 88 dBA (i.e., moderate overexposure) and =
88 dBA (i.e., high overexposure).

Individuals who work in jobs where at least 5% of the noise measurement samples equal or
exceed an 8-hour time-weighted average of 82 dBA are enrolled in hearing conservation
programs and undergo periodic audiometric testing, per company policy. Hearing tests are
performed by certified audiometric technicians in test environments designed to meet ANSI
standards. From this audiometric surveillance data, we used HTLs at a variety of single and
combined frequencies for each study year for each member of the cohort, from the
audiometric test performed prior to or up to 30 days after the beginning of each person-year
contributed to the study period. Low frequency PTA 5123 was calculated by taking the
binaural average of hearing thresholds for the frequencies of .5, 1, 2, and 3 kHz. Frequency
specific HTLs were calculated for 4 kHz as well as 6 kHz by taking the binaural average of
hearing thresholds for the frequencies of 4 kHz or 6 kHz, respectively. In addition, PTAyg
was calculated as the binaural average at the combined frequencies of 4 kHz and 6 kHz.
HTLs and PTAs were explored as continuous variables, and also dichotomized as < 25
dBHL (i.e. normal hearing which was used as the referent) and = 25 dBHL (i.e., hearing
loss).

Hearing asymmetry was calculated in two ways. First, using the American College of
Otolaryngology criteria, we calculated hearing asymmetry as an average difference of =15
dB at 0.5, 1, 2 kHz or = 30 dB at 3, 4, 6 kHz between ears (May, 2000). Second, using the
less stringent criteria employed by Choi, et al (2005), hearing asymmetry was defined as an
average difference =5 dB at 0.5, 1, 2 kHz between ears.

Self-reported hearing protection device (HPD) use among workers undergoing audiometric
testing is frequently included in the company’s audiometric surveillance database.
Frequency or consistency of HPD use, however, is not captured. To determine whether
known use of hearing protection was a significant predictor of injury risk for the cohort, we
dichotomized reported HPD use as known or unknown, with unknown used as the referent.

A history of tinnitus was determined by a positive response to the question, “Have you ever
had noises in the ear?” on the audiometric questionnaire completed prior to each audiogram.
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The job demand database, described in a previous report (Pollack et al, 2007) includes an
overall rating of physical job demand for each job at the 6 study plants. Physical demand
was dichotomized as heavy/very heavy versus light/medium for this study.

Subject Selection Criteria

The study cohort was comprised of production and maintenance workers who worked any
time between January 1, 2003 - December 31, 2008, in a job for which occupational noise
exposure was sampled and physical demand was rated, answered the question regarding
tinnitus on the audiometric questionnaire, and had an audiogram performed between the
time period of 1 year before, to 30 days after, the start of each person-year contributed. Data
was linked using an encrypted, uniform, unique identifier created for each person, to ensure
human subject privacy. Construction of the study cohort is displayed in Figure 1.

Statistical Analysis

Descriptive analysis of baseline demographic characteristics for the cohort, and distribution
at baseline of tinnitus, hearing asymmetry, low frequency PTA 513 (binaural average at .5,
1, 2, 3 kHz), high-frequency PTAyg (binaural average at 4, 6 kHz), and frequency specific
binaural HTLs at 4 kHz and 6 kHz was performed. The distribution of injury and serious
injury by noise exposure category, HTL or PTA, hearing asymmetry, and history of tinnitus
was calculated, as were unadjusted injury rates. We used generalized linear mixed models
(GLMMs) to estimate relative risks (RRs) for injury, along with corresponding 95% Cls for
frequency-specific HTL and combined frequency PTAs, modeled as both continuous and
categorical variables (< 25 dBHL, =25 dBHL), tinnitus, and asymmetrical hearing loss in
bivariate and multivariate models adjusted for ambient noise exposure. Multivariate models
were additionally adjusted for sex, age, race/ethnicity, tenure < 1 year, physical job demand,
reported hearing protection use, and calendar year, to account for any temporal trend in
injury risk during the study period. Because of the non-linear effect of calendar year, year
was included as a categorical variable. Finally, random effects for person within job, job
within plant, and plant were incorporated to allow for between and within person, job and
plant variation and account for correlation resulting from clustering. An unstructured
covariance structure was specified (Stroup, 2012). Separate analyses were conducted for all
acute injuries, as well as the subset of more serious acute injuries. A Poisson distribution
with a log link and offset of the log person-days contributed to each job for each year of the
study was chosen for the acute injury outcome that included minor injuries requiring first aid
only. For models using serious acute injury as the outcome, a binomial distribution was
selected to better fit the distribution of serious injury among the study cohort. All p values
were two sided and a value of less than o = 0.05 was considered statistically significant.
Interactions between ambient noise exposure, HTLs, PTAs, tinnitus, hearing asymmetry,
and age were explored for significance.

All statistical analyses were performed using SAS version 9.3.
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During the 6-year study period at the six study plants, 8,818 workers contributing 27,818
person-years met the inclusion criteria (Figure 1). Table 1 displays descriptive statistics for
the study cohort at baseline. Of these 8,818 workers (90% male, 88% white), 1,373 workers
(16%) had a history of tinnitus, 466 (5%) had hearing asymmetry (defined as =15 dB
difference at .5, 1, 2 kHz or =30 dB difference at 3, 4, 6 kHz), 904 workers (10%) had
impaired hearing at combined frequencies of .5, 1, 2, 3 kHz, 3,943 workers (45%) had
hearing loss =25 dB at combined frequencies of 4 and 6 kHz and 1,083 workers (12%) had a
history of tinnitus in conjunction with hearing loss =25 dB at combined frequencies of 4 and
6 kHz at baseline. During the six-year study period, 2,999 workers in 3,296 person-jobs
sustained 4,897 acute injuries, including minor injuries requiring first aid treatment only
while 1,005 workers in 1,026 person-jobs sustained 1,104 serious injuries (Table 2). Table 2
also displays the distribution of injury and serious injury by audiometric measures of hearing
sensitivity, hearing asymmetry, tinnitus, and noise exposure category throughout the study
period.

The unadjusted injury rates by noise exposure category, audiometric results (single
frequency and pure tone averages), tinnitus, and asymmetrical hearing loss are shown in
Table 3.

The results of GLMM modeling indicated statistically significant interactions between
tinnitus and HTL for the frequency specific HTLs at 4 kHz and 6 kHz and combined
frequency PTAs at 4, 6 kHz (PTAyg) for the acute injury outcome that included minor
injuries. For the serious injury outcome, a significant interaction was found between tinnitus
and frequency-specific HTL at 4 kHz and well as the combined frequency PTA at 4, 6 kHz
(PTAyg). Further exploration of these interactions revealed that hearing thresholds =25 dB at
higher frequencies appeared to increase injury risk only among the group of workers with a
history of tinnitus. Additionally, the binaural average at 4 and 6 kHz (PTA4g) was the most
sensitive high-frequency predictor of risk for both minor and serious injury outcomes among
this cohort. Consequently, to increase ease of interpretation, tinnitus and PTA4g were
combined into a single categorical variable with four levels:

1. ) history of tinnitus plus PTAy4s 225 dBHL (impaired high-frequency hearing);
2. ) history of tinnitus and PTA4s < 25 dBHL (normal high-frequency hearing);

3. ) no history of tinnitus but PTA4g 225 dBHL (impaired high-frequency hearing)
and

4. ) no history of tinnitus and PTA4g < 25 dBHL (normal high-frequency hearing),
which was used as the reference category.

The results of the fully adjusted multivariate mixed effects models are shown in Table 4 for
all acute injury and the subset of serious acute injury outcomes, with PTA 5103 (binaural
average at .5, 1, 2, 3 kHz) modeled dichotomously (< 25 dBHL, =25 dBHL) and the high-
frequency PTAyg (binaural average at 4, 6 kHz) and tinnitus variable modeled categorically,
as described above. These multivariate models were simultaneously adjusted for noise
exposure category, PTA 5103 category, sex, race/ethnicity, physical demand, tenure < 1 year,
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age, calendar year, reported hearing protection use, and the combined tinnitus-high-
frequency PTA¢ variable. Mean ambient noise exposure showed a monotonic and
statistically significant exposure response association with injury risk for both injury
outcomes examined. Compared to workers exposed to mean ambient noise of < 82 dBA,
those exposed to average noise levels =88 dBA showed a 57% elevated injury risk (RR 1.57,
Cl: 1.09, 2.25) and nearly double the risk of serious injury (RR 1.99, CI: 1.28, 3.10). Low
frequency hearing loss =25dBHL was associated with increased risk of minor (RR 1.11, CI:
1.00, 1.23) but not serious injury risk, although this association did not quite attain statistical
significance (p=0.0553). Asymmetrical hearing loss was not associated with injury risk,
while workers with a history of tinnitus who also displayed high-frequency hearing loss
were at 25% greater risk for acute injury (RR 1.25, Cl: 1.13, 1.38), as well as the subset of
serious acute injuries (RR 1.25, Cl: 1.02, 1.54). Reported HPD use versus unknown HPD
use was protective for the injury outcome that included minor injuries (RR 0.87, CI: 0.78,
0.97) but did not predict more serious injury risk.

Discussion

The results of this study suggest that tinnitus, in conjunction with hearing loss at high
frequencies, may be an important predictor of acute occupational injury risk. At the same
time, this current analysis, in contrast to our earlier findings, provides less evidence for an
association between low-frequency hearing loss and risk of minor injuries. Certainly, further
study is warranted to better discern associations between hearing impairment at low
frequencies and acute injury risk. Asymmetrical hearing loss, associated with increased risk
for injury in a previous report (Choi et al, 2005), did not elevate injury risk among the cohort
studied here. However, the number of subjects in our study cohort with asymmetrical
hearing loss was small, which may have resulted in insufficient statistical power to discern
meaningful associations. Compared to those for whom HPD use was unknown, reported
HPD use appeared protective for the all injury outcome that included minor events, but did
not predict more serious injury risk for this cohort. Undoubtedly, the impact of HPD fit and
usage patterns on injury risk merits future examination.

Using generalized linear mixed models with random effects for plant, job, and person within
plant-job, and adjusting for other known injury risk predictors and potential confounders, we
show that tinnitus, in combination with high-frequency PTA4g =25 dBHL, may elevate acute
injury risk. This finding is of importance given that over-exposure to noise first causes
hearing loss at these high frequencies. Tinnitus impacts a large portion of the general
population and often, though not always, occurs in conjunction with NIHL. Although reports
documenting evidence for an association between acute bodily injury risk and tinnitus are
extremely scarce in the extant literature, myriad evidence suggests linkages between tinnitus
and sleep disturbance, fatigue, and distraction, findings which make an association between
tinnitus and acute occupational injury risk quite plausible. Notably, mean PTAg was 43.8
(SD 20.7) for the subset of the cohort reporting any history of tinnitus compared to a mean
PTAyg of 24.2 (SD 17.3) for those never reporting tinnitus (data not shown) suggesting that
tinnitus may be a marker of greater high-frequency hearing loss among this cohort.
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Anecdotal reports from tinnitus sufferers indicate that use of hearing protection may
increase the magnitude of tinnitus annoyance. While we have insufficient information
regarding the impact of hearing protection on tinnitus-related annoyance, the severity or
frequency of tinnitus, or degree of tinnitus-related annoyance among our study cohort,
further and more detailed examination of this suggested association between tinnitus and
injury risk is warranted.

This study has some limitations. We have no information regarding degree or severity of
tinnitus for this cohort. Availability of such information could provide additional insight into
the observed associations between tinnitus, high-frequency hearing loss, and injury risk.
Second, although we have reported hearing protection device (HPD) use for a large portion
of our cohort, we have no ability to discern HPD fit or usage patterns, which could impact
the associations we report here. Finally, although we adjusted for physical job demand and
included a random term for plant, and job within plant, to control for differences in plant-
level and job-related injury risk unrelated to physical demand or noise exposure,
unrecognized plant or job-level factors could influence the outcome reported here.

Despite the aforementioned limitations, this study has several important strengths. The large
study cohort and breadth of available data precluded introduction of potential biases related
to use of self-reported data. In addition, these data allowed us to adjust for several individual
and job-level covariates known to increase injury risk in similar cohorts (Pollack et al, 2007;
Taiwo et al, 2009; Kubo et al, 2013; Tessier-Sherman, 2014). Furthermore, use of
generalized linear mixed modeling with random effects for plant, job within plant, and
person within job, which allowed us to account for correlation resulting from clustering and
repeated measures on persons, provides increased confidence in these reported results.

Conclusions

This study, in conjunction with previous reports, highlights the importance of reducing noise
exposure through engineering controls regardless of the precise mechanism(s) through
which noise exposure impacts injury risk. Moreover, these results underscore the importance
of carefully examining the communication needs of hearing impaired workers and workers
with tinnitus who are exposed to workplace noise. Finally, this work suggests that the
relationship between tinnitus, hearing loss, and injury risk is deserving of further
investigation.
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Figure 1.
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Table 1

Cohort Demographics at Baseline

N %

Total 8818 100
Male 7895 90
Age (mean, SD) 44.3,10.5
White 7736 88
Mean Noise Exposure

<82 dBA 4068 46

82 to <85 dBA 2015 23

851t0 <83 dBA 2104 24

=88 dBA 631 7
PTA 51,3 (binaural average at .5, 1, 2, 3 kHz)

<25dBHL 7914 90

225 dBHL 904 10
Heavy/Very heavy physical demand 1618 18
HTL at 4 kHz (binaural average at 4 kHz)

<25dB 5112 58

>25dB 3706 42
HTL at 6 kHz (binaural average at 6 kHz)

<25dBHL 4687 53

225 dBHL 4131 47
PTA ¢ (binaural average of 4, 6 kHz)

<25dBHL 4875 55

225 dBHL 3943 45

Tinnitus 1373 16

Hearing Asymmetry (=5 dB difference at .5, 1, 2 kHz) 1570 18

Hearing Asymmetry (=15 dB difference at .5, 1, 2 kHz or > 30 dB difference at 3, 4, 6 kHz) 466 5

Tinnitus plus PTA4g < 25 dBHL 290 3

Tinnitus and PTA4¢ > 25 dBHL 1083 12

No tinnitus and PTAyg < 25 dBHL 4585 52

No tinnitus and PTA,¢ > 25 dBHL 2860 33

Page 12

Abbreviations: dBA, A-weighted decibels; HTL, hearing threshold level; PTA, pure tone average; dB, decibels, dBHL, decibels hearing level
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Table 2

Distribution of acute injury and serious acute injury by noise exposure and hearing categories, tinnitus and
hearing asymmetry

All AcuteInjury | Serious” Acute Injury
N % N %

Total Injuries 4897 100 1,104 100
Person-jobs in which injuries occurred 3296 100 1,026 100
Noise Exposure

<82 dBA 2465 50 501 45

82 <84.99 dBA 939 19 221 20

85<87.99 dBA 1127 23 252 23

=88 dBA 366 8 130 12
PTA 51,3 (binaural average at.5, 1, 2, 3 kHz)

<25 dBHL 4359 89 982 89

=25 dBHL 538 11 122 11
HTL at 4 kHz (binaural average at 4 kHz)

<25dBHL 2857 58 625 57

>25dB 2040 42 479 43
HTL at 6 kHz (binaural average at 6 kHz)

<25dBHL 2557 52 562 51

=25 dBHL 2340 48 542 49
PTAy¢ (binaural average at 4, 6 kHz)

<25dBHL 2681 55 595 54

=25 dBHL 2216 45 509 46
Tinnitus 985 20 203 18
Hearing Asymmetry™” 270 5 66 6

Abbreviations: dBA, A-weighted decibels; HTL, hearing threshold level; PTA, pure tone average; dB, decibels, dBHL, decibels hearing level

*
requiring medical treatment, work restrictions or lost work time

* %

>15 dB difference at .5,1,2 kHz or > 30 dB difference at 3, 4, 6 kHz
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Unadjusted All Injury and Serious Injury Rates per 100 Person-Years by Noise Exposure and Audiometric

Table 3

Status, Tinnitus, and Hearing Asymmetry 2003-2008

All Acutelnjury n (rate)

Serious” Acutel njury n (rate)

Total 4897 1104
Mean Noise Exposure

<82dBA 2465 (16.62) 501 (3.38)

82 to < 85 dBA 939 (16.57) 221 (3.90)

85 to < 88 dBA 1127 (21.85) 252 (4.89)

=88 dBA 366 (16.90) 130 (6.00)
PTA 513 (binaural average at .5,1,2,3 kHz)

<25 dBHL 4359 (17.56) 982 (3.96)

225 dBHL 538 (17.95) 122 (4.07).
HTL at 4 kHz (binaural average at 4 kHz)

<25 dBHL 2857 (18.88) 625 (4.13)

> 25 dBHL 2040 (16.08) 479 (3.77)
HTL at 6 kHz (binaural average at 6 kHz)

< 25dBHL 2557 (18.85) 562 (4.14)

> 25 dBHL 2340 (16.42) 542 (3.80)
PTAy¢ (binaural average at 4, 6 kHz)

<25 dBHL 2681 (18.97) 595 (4.21)

> 25 dBHL 2213 (16.19) 509 (3.72)
Tinnitus

Yes 985 (19.80) 203 (4.08)

No 3912 (17.13) 901 (3.94)
Asymmetrical Hearing loss

Yes 270 (17.58) 66 (4.30)

No 4627 (17.61) 1038 (3.95)

Abbreviations: dBA, A-weighted decibels; HTL, hearing threshold level; PTA, pure tone average; dB, decibels, dBHL, decibels hearing level

*

requiring medical treatment, work restrictions, or lost work time
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